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STATIC TESTS OF FOUR TWO-BLADE WCLGA F R O P l K L f B S  

DIXF'EWXG DT~CAM6ER AND S O L I D I T Y  

By Robert J. Platt ,- Jr. I 

I 

Outdoor s ta t ic   t es t s  ware made an tw-blade propellers of the 
IYACA 4-(3)(08)-03, 4-(5)(08)-03, 4-(10)(08)-03, 4-(3)(08)-045 d e s i s s .  
The blade angles tested ranged fram 0' t o  400 measured at the 0 . 7 3  station. 
The maximun t i p  Mach d e r  was 0.93, but this value was not  attaFned at ! 
blade angles above 15O because f l u t t e r  was encountered. However, some 
data on the W A  4-(5 ) ( 0 8  1-03 asd &(IO) (08)-03  propellers  operating in 
the  f lutter  reglan m e  included which  were obtained in an eazl ier   s ta t ic  
test (unpublished) . 

I 

The resul ts  of the keet of the hi&*amber blade,, HACA &(10)(08)43, 
indicated the thrust coefficient reached a meximum and began to decrease 
at a t i p  Mach  number of about 0.85 f o r  f lxed blade -e settin@;B of 15O 
and less. SFmilar breaks  did not occur for t h e  blades of lower c m e r  up 
t o  the maximum t i p  Mach  number attained. lIlhe madmum value of the r a t i o  
of thrust  coefficient to power coefficient $/Cp,  which occurred at low 
power coefficients, decreased wfth increasing c d e r ,  blade width, asd 
t i p  Mach rimer. Except in the reg im of maximm C T / C ~ ,  the r a t i o  CT/% 
increased with both Increasing camber and blade wfdth f o r  a constant 
value of power coefficient. A t  the higher power coefficients t h e  value 
of cT/cP fo r  a given  value of power coefficient was but l i t t l e   a f f ec t ed  
by t i p  Mach nmiber. . 

The effects of cmpressibility, camber, and. blade width on the 
characteristics of twcGbh.de propellers were investigated by the 
N a t i o n a l  Advisory  Cannnittee for  Aeronautics in the Langley &foot hi&- 
w e d  tunnel asd have been presented in a series of papers  (references 1 
t o  3). The propellers  incorporated  high+ritical-speed NACA l h e r i e s  air- 
fo i l   sec t ims  with thin sections used a t   t he  shank. T h e .  operating chmac- I 

t e r i s t ics  of the-Langley &foot  high-speed tunnel did  not permit the 
measurements t o  be macle at l o w  speeds a d ,  consequently, data at low 
advance r a t i o s  could  not be obtained. This made impractical  the extra- 
polation of the data t o  zero advernce r a t i o  t o  obtain  static-test data. 
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Propeller  data at s t a t i c  conditions a r e  useful f o r  take-off TW 
calculations and propeller  selection. The effect of t i p  speed, a i r f o i l  
section, and blade width on static- propeller  characteristics has been 
previously in.sestigated (reference 4). However, the blade5 used were 
conventional  with round nhRnk sections and were designed for operatian 
at low admmce r a t i o s .  The results, then,  could not be expected t o  
apply  directly to the  propellers used in an investigation at the 
Langley &foot high-eed tunnel. In order t o  obtain  the  characteristics 
of these lat ter  propellers a t  s t a t i c  conditions, a propeller dynamometer, 
located outdoors, was used t o  meamre the  thrust  and torque of the 
propellers over EL range of t i p  Mach nunfber and blade angle. 
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The propeller  dpamaneter  consists of two independent units sirnilax 
t o  the unit shown in figure 1. (3ne unit is located ahead of the  propeller 
asd the  other behind the propeller. Each unit c o n t a w  Cwo 200-horseparer 
induction motors, but only the  rear unit was connected t o  the  propeller 
for  this  Investigation. 

Some details  of the reax dynamcmeter may be seen f r o m  figure 1. The 
two motors a m  coupled and. mounted withfn a ahell t o  make the motors a 
s i n g l e  rigid  unlt. Thie motor aesenibly is floated  within  the  outer 
dynamometer barrel by air bearings. Ccmpressed &ir is mpplied t o  these 
bemings which are  located a t  each end of the motor shell. The motor 
assenibly is then f ree  t o  m m e  within the  outer barrel in an axial direc- 
t ion under thrust and t o  rotate under torque. This momment is restrained 
by hydraulic  thrust and torque  capsules mounted at   the   rear  of the 
dynamometer. Tn t h i s  system a i r  bearings axe again eqloyed t o  prevent 
interaction Df the  thrmst and torque  forces. The hydraulic lines axe 
connected t o  compensating scales f o r  t h e  meamrement of thrwt and torque. 
The dynamometer is supported from an overhead framework bg a streamline 
s t rut  through which pass the motor e lectr ical  and cooling water leads. 

The blades were  of the HACA 4-(3)(08)43, b(5)(08)-03, L(10)(08)-03, 
and L(3)(08)445 designs, and are identical  with those used in the t e s t s  
of references 1 to 3. The number designations of these blades me 
descriptive of their size and &ape. The m e r  of t h e   f i r s t  group gives 
the  propeller diameter in feet .  The numbers within the f i r s t  parentheses 
represent the design lift coefficient ( i n  tenths)  at   the.  0.m station. 
!The nmibers within the second pmentheses represent the thickness ratio 
(in hundredths) of the blade sectian at 0.m. The l a s t  group of numbera 
represents  the  solidity ( i n  hundredths o r  thousagdths, for  twd and three 
digits,  respective-) of one blade a t  0.7~. 

The blades  incorporated.the NACA l h e r i e s   a i r f o i l  sections and were 
designed for min- induced-energy loss a t  a blade angle of approxi- 
;mate- 45O meawed at  the 0.D 8tati.m. The NACA 4-( 3)  (&)a3 and 
b(3)(08)-&5 blades axe shown i n  figure 2. The other  blades a r e  similar 
t o  the NACA b(3)(08)-03, ekcept for  the  higher b1ade"section  design 
lift coefficients. The blade-form curves for  these propellers  are akcswn 
in  figures 3 and 4. 

A cylindrical  spinner of a 13-inch diameter ( the d€ameter of the 
front and rear dynamamster outer  casings ) was used with the  propellers. 
Therefore, only efficient airfoil sections were  exposed t o  the  air .  
Each propeller  cmsisted of two .blades canetrmcted of duminUn a l l oy .  
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The blade asglee at which the propellers were tetJted  ranged from Oo 
t o  400 (measured at O.75R)-in 5' increments. The construction of the 
spinner  did  not permit t he  prqpellers to be tested at  negative  blade 
angles. T!hH&t, torque, and rotational speed of the  propeller were 
measured at  intervals of 500 revolutions  per minute. Two readings were 
taken at each r-otational meed. and a few were repeated as the r o t a t i a n a l  
speed w&s decreased after reaching  the maximum speed. 

For  reasons of safety,  the maximum rotatianal speed was limited t o  
5000 revolu t im  per  mFnute; but even t h i s  speed was not attained at 
blade W e s  above 15' because f l u t t e r  was &countered. An estFmate of 
the r o t a t i a a a l  speed a t  which f l u t t e r  began, as shown in figure 5 in 
terms of t i p  Mach  nuniber, was made by visual and aural means. Additional 
data at  weds up t o  5000 revolutims per " t e ,  obtained f'rm ear l ier  
s t a t i c   t ea t s  of the WCA L ( 5  I(  & ) a 3  and 4-(10) ( 0 8 ) 4 3  propellers 
operatwg in the f l u t t e r  regia, me,  however, included  herein. 

The data were reduced t o  the uBu&1 thrust aad parer  coefficients % 
and Cp. The t i p  Mach nlmiber Mt. x t a ~  baeed on the ro t a t f ana l  t i p  speed 
of the propeller. 'Pgpical data obtained are shawn i n  figure 6 .  Where 
aiLy one point is ahawn at a tes t   rotat ianal  speed, the readings were 
identical. 

Figure 7 presents  ty-pical h t a  frcm the emlier s t a t i c   t e s t  in which 
operation of' the  propellers was extended into the f l u t t e r  region. The 
internal mechanism of the dynmnmter used in th i s  earlier t e s t  w a ~  
different from that of the  present dynamometer, although the dynamometera 
were outwardly similar. Repeat run# ahowed poor agreement and differences 
in the faired curves of & ~ l  much as 15 percent were found at the higher 
blade angles. These discrepancies may have been due t o  t h e  f r ic t ion which 
was deffnitely  present i n  th i s   ea r l i e r  dynaraometer and t o  dif'ferent 
sectfm maximum lift coefficients caused by vaxying roughness of the 
blades. Bo spinner was used In this eazlier test. 

The results of both the  eezlier and the present  inve~tfgations  include 
the  effects of blade %xi& under  tterodynmic and centrifugal  forcea. This 
twist was not measwed, but  the r e d t a  of reference 5 indicate that i t a  
m@itude a t   t he  0 . p  station was of the  order of 0.2' t o  0.3' a t  the 
highest r o t a k i d  speed and was in the direction of Increasing blade 
angle. 

RESUEIS AND DIS(;aSION 

The basic data f o r  the four two-blade propellers uaed i n   t h i s  
investigation m e  shown In figures 8 t o  15. The dashed curves in 
figures 10 t o  1 3  m e  from the earlier  investigation and, in most cases, 

\. 
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nmibers.  Althou& 
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the  propeller  flutter-  at the higher t i p  Mach I 
the accuracy of these  earlier data is  questionable, it 

is ..presented  here because l i t t l e  hi&-tip Mach  llumber .data were obtained 
in the  present  investigation at. the hi&er  blade asgles. In cases where . .  
repeat m s  were made for a given  blade angle, the run which showed 

'closest agreament with  data from the  present  investigatbn WBE chosen for  
presentation in figures 10 t o  13. 

. .  . 
Considering the aEtahed curves in figures 10 t o  13, large  increases 

. i n  the  coefficients  are .found with increasing  t ip sped  in sane casea. - 
. These increases  begin wlth the anset of f lu t t e r .  In the  cases of the 

~ C A  4 4 . 5 )  (081-03 propeller, at . P , . ~ ~  = 35' and the  NllCA &(10)(08)-03 pro- ' . 
peue r  at B ~ . ~ ~  = ZOO, no f l u t t e r  was encountered in this ear l ie r  

I 

I 
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investigation and no Budden lncrease in t h e  coefficients W&E found. It 
appears  then  that  the marked r i s e  in the value of the thrust and power 
coefficients  with  increasing  rotational speed is caused, at l eas t  in 
part ,  by the   f l u t t e r   i t s e l f .  Since the accuracy of these  emlier'   data 
is. poor, the following discussion w i l l  be concerned only w-ith the data 
obtained in the  present  investigatian. ~ 

A t  t h e  low blade angles, increasing t i p  speed  produces a gradual 
increase in thrust and power coefficients  (figs. 8 t o  15). The effect of 
t i p  speed is most p r m m e d  an the hi@&miber blade, W A  4-(10)(08)-03 
(fig.  E), in that the thru6-b coefficient reaches a madram and begins t o  
decrease at a t i p  Mach number of about 0.85. S u e  the c r i t i c a l  speed 
of the  highly caslbered sections i s  relatively low, this ear l ie r  con+ 
pressibil i ty loss is t o  be expected snd is in accord  with  the results of 

I 

, wlnd--tmneltests  (references 3 and 6) in whfch it was found'that the 1 

, high-camber blade  Buffered  efficiency losses a t  a t i p  Elach number W e l l  
below that of the lower-camber blades. 

A t  the  high  blade angles, there is generally a decrease in the 
coefficients  with t i p  MEhch lllrmber for all the propellers,  particularly fn 
the thrust coefficient, 

The thrust  and pawer coefficients for the four propellers  tested 
have been plotted  against blade asgle for  a canstant t i p  Mach d e r  
of 0.45 in figures 16 and 17. The thrust-coefficient curpea are ~Fmilm 
t o  the l i f t  curves of a i r foi ls ,  asd an increase in design lift coefficient 
would  be expected, as the data indicate, t o  increase the thrust  coeffi- 
c ient   a t  a  given  blade 'angle. Emever, the difference in coeffi- 
cient between the ~Aw 4-( 3) (08)43 and the 4 4 5 )  (08 1-03 propellers is 
not  great. Fi-gure 17 indicates that there is also l i t t l e  difference  in 
the power coefficients of these two propellers.  Cmpmison of the 
NACA h-( 3 )  ( & ) a 3  propeller w i t h  the wider4lade MACA h-( 3) (08)4&5 pro- 
peller  indicates that increasing  blade  widthhas  the  effect of increasing 
the slope of the  thrust-coefficient curve and is accompasied by an 
increase in the p m r  coefficient mer the blde-angle range tested. 

Tne ra t io  of thrust  coefficierk t o  power coefficient is usuBJly used 
as a static-tkust   f igure of merit f o r  propellers  operating at the same 

. .  " 



t i p  speed. This r a t i o  is plotted in figure 18 against blade angle for 
t h e  f o u r  propellers at a t i p  Mach nlzmber of 0.45. The decrease in the 
maximum -value of CT/Cp with  increasing camber is probablr t he  reeult 
of increasing induced velocities and, in the  case of t h e  highly c d e r e d  
blade, lower lift-drag ratios.  A t  medium blade angles, however, C,/Cp 
increases wlth camber. This may be explained p & i w  by the fact   that  
the asgle of attack f o r  the maximumllft-drag ratio  increases  with camber 
for   the NACA l h e r i e s  airfoi ls ,  which effectively  shffts t h e  C~/Gpcurves 
of the higher-camber blades t o  higher blade m e s .  The effect of 
widening the  blades, hold- a fixed value- of camber, is t o  decrease  the 
maxirmun value of Cr/$ with.  but l i t t l e  change in %/Cp a t  t h e  higher 
blade angles. 

A more useful caparison of the propellers can Be made by plotting 
CT/Cp against Cp as ehm in figure 19. For a given power coefficient, 
t h e  curves show an Fnrprovement i n .  the s t a t i c  thrust coefficient  with 
increasing camber, especially fram fncreasing  the  desi@ lift coefficient 
from 0.5 t o  I. O,..and with increasing blade wldth. Higher values of c~/Cp 
w e  produced by t h e  higher -cder  and wideriblade propellers, since, for 
the same parer  coefficient, the w e e  of attack along the blade are  
lmr and less stal l ing r e d t s .  

The effect of t i p  speed on the r a t i o  of .thrust  coefficient  to power 
coefficient is sham in figure 20 for'  blade angles of-5O, loo, and 1 5 O .  
Ln general, C+/Cp decreases with t i p  speed for a given blad-e 

sett ing and the decreaae i s  more pronoimced a a  the camber is fncreased. 
For a given power coefficient, CT/% does not  neceeswily  decrease wfth 
t i p  speed as ahown in figure 21 *ere %/cP is plotted  against cp f o r  
both a high and a low t i p  Mach number. A t  the  higher power coefficients 
there I s ,  in  fact ,  an increase fn C,/Cp fo r  t h e  nazrow blades when the 
t i p   h c h  number is increased from 0.43 t o  0.90. The maximum value 
of %/Cp does, however, decrease  with t i p  Mach  number. 

S ta t ic   t es t s  of f o u r  two-blade EIACA propellers t o  a maxlrmun t i p  
Mach number of 0.93 indicated the following  conclusions: 

1. The results of the  teat  of t h e  high+a&er blade, mACA &(lo) (08)-03, 
indicated  the  thrust  coefficlent reached a m~wtFrrmm and began to decrease 
at- t i p  Mach nuniber  of about 0.85 f o r  fixed blad-e settings of 15O 
and less. Similar  breaks  did not occur for the blades of lower camber 
up t o  the maxim t i p  Mach number attained. 

. 
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2. The maximum value of t h e  r a t i o  of thrust  coefficient  to power 
coefficient %/Cp, which occurred at low power coefficients, decreased 
w i t h  imreasing camber, blade width, and t i p  W h  llumber. 

3. Bcept in t h e  region of maximum %/+, the r a t i o  cT/+ increased 
with  both  increasing c-er asd blade width f o r  a constant value of power 
coefficient. A t  moderate d u e s  of power coefficient, t h e  greatest thrust 
was produced by the propeller of the hi&est camber. A t  the higher  values 
of power coefficient {above O.& per blade),  the greatest thrust was 
produced' by t h e  widepblade propeller. 

4. A t  the  higher power coefficients, the vaue of %/Cp for a given 
value of power coefficient was but l i t t l e   e e c t e d  by t i p  &ch  number. 
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DETAIL A. 
FLWTING BEARING UNIT 

DETAIL B. 
TORQUE UNIT THRUST UNIT 

DETAIL C. 

Figure 1.- Cutaway view of one unit of the 800-horsepower  dynamometer. v 
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(a) NACA 4-(3)(08) -03. (b) NACA 4-(3)(08) 445 .  

Figure 2. - Solidity family of NACA 18-series propellers tesfed. 
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. Blade sfation, r /R 

Figure 3.- Blade-form curves  for  the  camber-series two-blade NACA 
propellers. 
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Blade staf ion.  r / R  

Figure 4.- Blade-form curves for the NACA 4-(3)(08) -045 propeller, . I  
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Blade angle at. 0.75:R 

Figure 5.- Approldmate variation of flutter @peed with blade angle for the two-blade NACA propellers. 
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Figure 6.- Typical test results. NACA 4-(3)(08)43 propeller; two blades; fo.75R = 15'. Flagged 
symbols indicate data talcen with the rotatlonal peed decreasing. f 
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Figure 7.- Typical earlier test results. NACA 
4-(5 )(08) -03 propeller; two blades; Bo 75R = as0. 
Flagged symbols indicate  data taken wi;h the 
rotational speed decreasing. 

Figure 8. - Variation of static thrust coefflcient 
with tip Mach number. NACA 4-(3)(08) 4 3  
propeller; two blades. 
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Figure 9. - Variation of static power coefficient 
with tip Mach number. NACA 4-(3)(08) -03 
propeller; two blades. 

Figure 10.- Variation of static thrust coefficient 
with tip Mach number. NACA 4-(5)(08) -03 
propeller; two'blades. Dashed curves are  from 
earlier test. 
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Figure 11.- Variation of static power coefflcient 
with tip Mach number. NACA 4-(5)(08)43 
propeller; two blades. Dashed curves are from 
earlier test. 

.. . . .  . 

Figure 12.- Variation of static thrust coefflcient 
with t ip  Mach numbei.. NACA 4-(10)(08)43 
propeller; two blades. Dashed curves are from 
earlier test. 
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Figure 13.- Variation of static power coefficient 
with t ip  Mach number. NACA 4-(10)(08) -03 
propeller; two blades, Dashed curves are from 
earlier test. 

. . . . . . . 

Figure 14.- Variation of static thrust coefficient 
with tip Mach numhr.  NACA 4-(3)(08) -045 
propeller; two blades. 



Flgure 16.- Variation of static power COMcient 
with tip Mach number. NACA 4-(3)(08) -045 
propeller; two blades. 
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Figure 18.- Comparison of static thrust character- 
istics of the two-blade NACA propellers. 
% = 0.46. 
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B l a d e  angle  at 0 .75R 

Figure 17.- Comparison of static power characteristics of the two-blade NACA 
propellers. M, = 0.45. 
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Blade angle u t  0.75R 
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Figure 18.- Comparison of static characteristics of the two-blade NACA 
propellers. Mt = 0.45. 

Figure 19.- Comparison of static  characteristics at constant  power  coeffidient 
of the  two-blade NACA propellers. Mt = 0.45. 
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Figure XI. - Effect of tip speed. Two-blade propellers. 
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Figure 21.- Effect of tip speed. Tws-blade Propellers. 
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